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Abstract
Today, digital image processing is one of the swiftly emergent 
technologies. Zooming operation plays an important role in 
digital image processing. This paper introduces a non-linear 
fuzzy adapted distance technique for zooming Grayscale images 
which is more efficient than existing fuzzy linear interpolation 
techniques. The concept of non-linearity implemented with the 
help of construction of new FRBS (fuzzy rule base system) which 
consists of four inputs, one output and 256 rules. Thus the resulted 
image produces more clarity, smoother and less noisy images by 
taking into consideration more number of pixels than the linear 
techniques.
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I. Introduction
Today, digital image processing is one of the swiftly emergent 
technologies. Voluminous applications of image zooming 
ranges from the commonplace viewing of online images to the 
more sophisticated magnification of satellite. Certain of these 
applications are Crime suspect detection, robotics, number plate 
identification, distant targets identification as an on-line dynamic 
vehicle routing, a forensic image processing environment for 
investigation of surveillance video, Closed Circuit Television 
(CCTV) in an airport car-park and shopping malls etc. These 
applications require an image to be zoomed at one click and 
resulted image should be of high quality. Basically scaling in 
digital image processing consists of two operations subsampling 
and oversampling. Oversampling is also known as zooming. 
Zooming of a digital image implies magnification and enlargement. 
There are several issues engaged into attention while zooming 
digital images like preservation of original information, avoiding 
the smoothing effects, reconstruction of high frequency details, 
without the introduction of artifacts and computational efficiency 
both in time and in memory requirements [1]. There has been a 
lot of study on zooming techniques with several parameters like 
efficiency, quality, memory requirements, smoothness, sharpness, 
edge preservation etc.

II. Related work
Commercially various image interpolation methods are used for 
zooming an image. Partial differential Equations (PDE) based 
models for zooming digital images are introduced in [2-4]. 
These models exploit a higher order nonlinear partial differential 
equation. The proposed algorithms [2-4] are efficient for image 
zooming and has good subjective quality, both for gray-level 
and color images. These papers [5-6], devise two algorithms for 
zooming the images. One algorithm is fusion of pixel replication 
and bilinear interpolation, the optimal between them is on the 
basis of difference of adjacent pixels. Bilinear interpolation is 
used for quality intensive applications. The other algorithm is 
enhancement to cubic spline interpolation method which is good 
for edge intensive applications. The Curvature Interpolation 

Methods (CIM) use curvature features of an image to reduce the 
artifacts like the image blur and check board effects and increase 
the clarity and sharpness of resulted images. CIM are Partial 
Differential (PDE) based and easy to implement [7-8]. The paper 
[9], proposes an adaptive method for image enlargement with 
edge enrichment capabilities. As compare to nearest neighbor 
interpolation and the bilinear interpolation, this method produces 
best results in terms of quality and efficiency Jie Li, and X Li 
[10-11] presents a two-phase adaptive method for gray-scale 
image magnification. Image structure similarity is used as the 
reference to compute interpolation function. The proposed method 
can keep more sharpness than that in bilinear and bicubic while 
may introduce some undesired values of pixels. This method 
produces best edge results. Weighted adaptive zooming (WAZ) 
[12] is computationally efficient and cost effective. This method is 
fully automatic i.e. it requires no user interaction. WAZ is generally 
better than standard interpolation methods, like nearest-neighbor, 
bilinear and bicubic interpolations. S. Battiato [13] presents a 
method that take into account information about discontinuities or 
sharp luminance variations of input image while zooming digital 
images. The algorithm in this paper [13], works mainly in three 
stages that are simple enlargement, filling the holes, rebinning. The 
experimental results show that the proposed method, while of not 
greater complexity than bicubic interpolation provides qualitatively 
better results. Historical exploration proves that the best results are 
achieved when two techniques are combined. Another extensively 
researched subfield of image interpolation is implemented in 
wavelet domain which suffers from many disadvantages; one 
major is that non-integer magnification cannot be used. Hsiang 
[14-15], presents a combination of linear interpolation and fuzzy 
logic based zooming techniques. The paper [14], considers the 
local features around the interpolated point to produce an accurate 
estimate of interpolated point. The fuzzy theory is adopted in 
finding a proper modification for the distances in interpolation 
formulas. Hsiang [15], formulate a smart interpolation scheme 
that adapts fuzzy logic to improve the quality of resulted images. 
The Euclidean distance in the linear interpolation is replaced by 
fuzzy adapted distance with the help of Fuzzy Rule Based System 
(FRBS).the technique proposed by Hsiang is not efficient in terms 
of quality and time. For images of larger size the algorithm takes 
undesirably long time.
Rest of the paper is organized as follows: Section III, gives a 
brief introduction about proposed work and also the algorithm. 
Section IV, discusses the experimental results .a comparative 
study is also present in section IV. The inputs, outputs, rules and 
membership function are also given in this section. Finally the 
section V, summarizes the whole paper.

III. Proposed Work
The proposed method in this paper will devise an algorithm 
that will be a fusion of fuzzy logic and traditional interpolation 
methods [14-15]. The proposed work enhance the [15] in terms 
of quality and efficiency. The quality is achieved by introducing 
non-linearity. The technique used in [15], is linear in nature. New 
Fuzzy Rule Base System (FRBS) is constructed by using non-
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linear nature of the algorithm. By introducing non-linearity more 
pixels will participate in estimation of interpolated point. More 
the number of pixels for finding the value of interpolated point 
superior the quality will be. Also, the computation FIS is excluded 
for flat regions to increase efficiency.
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Fig. 1: Original Pixel Location 4*4
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Fig. 2:  Zoomed Pixel Location(x is Interpolated Point) 7*7

A. Algorithm
Step 1: Calculate the horizontal gradients hg1, hg2 and vertical 
gradients vg1, vg2 using the following equations:

Step 2: FIS takes long time for computation of interpolated 
points. This computation can be  minimized by exclusion of the 
computation for flat regions. The condition is:

Then  

Else
Derive the curving strength q using (Fuzzy inference         
system) FIS using fuzzy logic in MATLAB [15].
Step 3: If (hg1 is A1 and hg2 is A2) take mean of A1 and A2 i.e.     
            (A1+A2)/2=A2 approx.   (1)
If (vg1 is A1 and vg2 is A4)
Then
Take mean of A1 and A2 i.e. (A1+A4)/2=A3 approx. (2)
Take the intersection point of A2 (1) and A3 (2) from the table 
(See table 1) i.e. is A2. Similarly for the other values of hg1, hg2,   
vg1 and vg2 we can find the value of q.

Table 1: Rules (total 256 rules)
hg1 hg2 Vg1 Vg2

A1 A1 A1 A1 B1
A1 A1 A1 A2 B2
A1 A1 A2 A3 B2
.
.

.

.
.
.

.

.
.
.

A4 A4 A4 A4 B1

Step 4: Calculate the corresponding power coefficient  using 
following equation:

Step 5: Obtain the fuzzy-adapted distance as follows:

Step 6: Now the fuzzy adapted non-linear interpolation is:
f(x, y) = (1- )f(xi,yj)+  f(xi-1,yj-1)

IV. Experimental Results
The proposed algorithm is executed on different size of images. 
Firstly the image of original size is reduced to some size like 
image of size 512 is converted in to 256 size, using Photo Shop 
Pro (PSP), then the zooming operation using proposed algorithm 
is performed and then the PSNR, SSIM and MSE are calculated 
with the help of zoomed and original image of size 512. The 
execution time, SSIM and PSNR is evaluated. The results are 
shown (see Table 2). As the size of image increases the execution 
time also increases.

A. Inputs and Outputs
There are four inputs that are hg1, hg2, vg1, vg2 and one output 
q as shown (see figure1). The four inputs are evaluated using 
Mamdani rule base model. The operation of Mamdani model 
consists of four steps: (i) mapping each of the crisp inputs into a 
fuzzy variable (fuzzification); (ii) determining the output of each 
rule given its fuzzy antecedents; (iii) determining the aggregate 
output(s) of all of the fuzzy rules; (iv) mapping the fuzzy output(s) 
to crisp output(s) (defuzzification).

Fig. 3: FIS Editor Showing Four Inputs One Output

B. Membership Function
The input variables hg1, hg2, vg1, vg2 are divided into four 
fuzzy sets that ranges from [0,255] using triangular membership 
function (trimf).The output ranges from [0, 1].The membership 
function plot for hg1 is shown (see fig. 2). Similarly this plot can 
be constructed for remaining inputs and output.

C. Rules
The structure of rules is shown (see Table 1). There is total 256 
rules that play an important role in introducing non-linearity. The 
structure of rules is shown (see figure 3).Some rules of fuzzy are 
following:
1. If (hg1 is A1) and (hg2 is A1) and (vg1 is A1) and (vg2 is A1) 
then (q is B1)
2. If (hg1 is A1) and (hg2 is A1) and (vg1 is A1) and (vg2 is A2) 
then (q is B2)
3. If (hg1 is A1) and (hg2 is A1) and (vg1 is A1) and (vg2 is A3) 
then (q is B2)
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Fig. 4: Membership Function of Input 1(hg1)

Fig. 5: Rule Editor (Total 256 Rules)

V. Comparative Analysis
The achieved results are compared with the existing FALI [15] 
method, using statistical and visual analysis. Statistical analysis 
includes execution time, PSNR, SSIM and visual analysis implies 
sharpness, smoothness, noise, connected components etc. in the 
resulted image. Comparative study shows that the proposed 
technique is much more efficient and of superior quality. Better 
efficiency is showed by difference of time elapsed of existing 
and proposed technique. Existing method takes more execution 
time than proposed method. For results various test images like 
Lena, camera man, text file, tables are taken (see table2). Peak to 
signal ratio (PSNR) is computed and compared with the method 
proposed in [15]. Higher PSNR is achieved with the proposed 
method (see table 3). Structure Similarity Index (SSIM) shows the 
similarity in structure of original and zoomed image. Higher the 
SSIM, higher the similarity between input and output image. The 
proposed method achieves high SSIM than the existing method 
FALI proposed in [15].

Table 2: Test Images

Fig. 6: Cameraman

Fig. 7: Face

Fig. 8: Text

Fig. 9: Radiology

Fig. 10: Lena

Fig. 11: Aerial
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Table 2: Time Elapsed and PSNR of Posed Technique

Image Time elapsed(in 
sec) PSNR SSIM

Cameraman 110.150316 19.8598 0.8407
Lena 45.752735 20.0911 0.8648
Radiology 158.624339 26.1771 0.9658
Face 48.382560 19.8882 0.9765
Aerial 403.064167 19.8260 0.7663
Table 84.358279 11.9899 0.6198
Text 12.467609 10.7089 0.7069

Table 3: Comparison of Execution Time of Proposed and Existing 
Method

Image 
Execution time 
of proposed 
method(in sec)

Execution time 
of existing 
method(in   sec)

Cameraman 110.150316 100.210514
Lena 45.752735 62.762977
Face 48.382560 126.304947
Aerial 403.064167 419.152653
Table 84.358279 169.329674
Text file 126.290257 138.197571
Text 12.467609 18.410072

Table 4: Comparison of Execution Time of Proposed and Existing 
Method

Image 
PSNR of 
proposed 
method

PSNR of 
existing 
method

Cameraman 19.8598 19.5713
Lena 20.0911 20.0908
Radiology 26.1771 23.3425
face 20.0298 19.8882
Table 11.9899   9.8489
Text 10.8221 10.8011

Table 5: Comparison of SSIM (structure similarity index) of 
proposed and existing method

Image
SSIM of 
proposed 
method

SSIM of existing 
method

Cameraman 0.8407 0.8278
Lena 0.8648 0.8561
Radiology 0.9658 0.9662
Table 0.6198 0.5226
Text 0.7069 0.6682
Aerial 0.7663 0.7388

Visual analysis proves that the zoomed (resulted) image is free 
from noise (see figs. 12-20). Also, it maintains the sharpness of the 
original image in zoomed image. As we can see in the figure (see 
fig. 12) there are total six connected components in the original 
image. The zoomed image by existing method contains hundreds 
of components (see fig. 13). But the zoomed image by proposed 
method retains the same number of components as original image 
thus contributes in achieving good quality (see fig. 14). Proposed 
method produce smoother and noise free images (see fig. 12-20). 
Edges are sharp than the existing methods (see fig. 16-17).

Fig. 12: Original Image of Text

Fig. 13: Zoomed Image of Text by Existing Method in [15]

Fig. 14: Zoomed Image of Text by Proposed Method

VI. Conclusion
The paper introduces an enhanced fuzzy adapted based non-linear 
method for zooming digital images. This method excels both in 
quality and time. Good quality is achieved by construction of new 
FRBS. Execution time is lowered by exclusion of computation 
of flat regions. Experimental results proves that the proposed 
method achieve better quality than the method proposed in [15]. 
Statistical and visual analysis depicts a comparative analysis.  
For measuring quality, PSNR and SSIM are computed. Higher 
values of PSNR and SSIM indicate that proposed method is of 
superior quality.

Fig. 15: Original Image of Cameraman



IJCST Vol. 3, ISSue 2, AprIl - June 2012 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m570    InternatIonal Journal of Computer SCIenCe and teChnology 

Fig. 16: Zoomed Image of Cameraman by Existing Method 
Proposed in [15], Noisy Image

Fig. 17: Zoomed Image of Cameraman by Proposed Method. Less 
Noisy and Smoother Than fig. 15

Fig. 18: Original Image of Face

Fig. 19: Zoomed Image of Face by Existing Method in [15]

Fig. 20: Zoomed Image of Face by Proposed Method

Fig. 21: Original Image of Lena

Fig. 10: Zoomed Image of Lena by Existing Method in [15]
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Fig. 11: Zoomed Image of Lena by Proposed Method
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